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Abstract.
A long BeppoSAX observation of the Galactic Center re-
gion shows that the spectrum of the diffuse X–ray emission
from the SgrA Complex can be described with the sum of two
thermal plasma models with temperatures of ∼0.6 keV and
∼8-9 keV. The spatial distribution of the diffuse emission is
energy dependent. While the hard X–ray emission has a nearly
symmetric distribution elongated along the Galactic Plane, the
soft X–rays (E < 5 keV) are remarkably well correlated with
the triangular radio halo of SgrA East. The parameters derived
for the soft component support the interpretation of the SgrA
East shell in terms of an evolved supernova remnant.
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1. Introduction
The diffuse X–ray emission from the Galactic Center (GC)
region was imaged for the first time with the Einstein Obser-
vatory in the 0.5–4 keV band (Watson et al. 1981) and later
studied in more detail with several satellites (Kawai et al. 1988,
Skinner et al. 1987, Koyama et al. 1989, 1996). The real na-
ture of this emission is still an open issue. Though at least
part of it can be due to the integrated emission from weak un-
resolved sources (Watson et al. 1981; Zane, Turolla & Treves
1996), there is evidence that a hot plasma, responsible for the
observed emission lines, permeates the GC region. This was
indicated by the Ginga discovery of a strong iron line at 6.7
keV with an equivalent width of EW = 600±70 eV (Koyama
et al. 1989). More recently, the ASCA satellite confirmed the
presence of a hot plasma (kT∼ 10 keV) and discovered another
diffuse component in the 6.4 keV Fe-line with an asymmetric
spatial distribution with respect to the GC and well correlated
with the distribution of the giant molecular clouds (Koyama
et al. 1996). The data on the diffuse X–ray emission reported
here were obtained during a survey of the GC performed with
the BeppoSAX Narrow Field Instruments (Sidoli et al. 1998).
The results on the point sources have been reported elsewhere
(Sidoli et al. 1999a, 1999b).
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2. The Galactic Center environment
Before presenting our results, we briefly describe the most im-
portant radio emitting sources present in the region within
∼ 8′ from SgrA* covered by our observation (see Morris &
Serabyn 1996 for a recent review). These extended sources are
collectively known as the Sgr A Complex (Fig.1).
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Fig. 1. A schematic view of the main radio structures in the SgrA
Complex. North is to the top, East to the left. 1 arcmin corresponds
to about 2.5 pc at 8.5 kpc.
The most peculiar object is the compact radio source
SgrA* (Balick & Brown 1974). It has a radio luminosity of
∼ 2× 1034 ergs s−1 and a flux density rising as Sν ∝ ν
1/3 be-
tween a low frequency turnover at ν ∼800 MHz and a cut–off
at 2000–4000 GHz (Mezger, Duschl & Zylka 1996). Lo et al.
(1998) measured an intrinsic size of less than 5.4×1013 cm with
multi–wavelength VLBA observations. From the proper motion
of the nearby IR stars a dark mass of 2.6×106 M⊙ has been
deduced to reside within a central volume of 10−6 pc3 (Ghez et
al. 1998). Sgr A* is generally considered to be a super–massive
black hole due to its unique radio spectrum (see e.g. Krich-
baum et al. 1998), its compactness, its location at the GC
(Yusef-Zadeh, Choate & Cotton 1999) and its low proper mo-
tion (≤40 km s−1, Reid et al. 1999). The high energy emission
of SgrA* is surprisingly low, corresponding to a 2–10 keV lu-
minosity of only ∼1035 ergs s−1 (Koyama et al. 1996, Sidoli et
al. 1999b), well below the Eddington limit for a 2 million solar
masses black hole.
SgrA* is embedded in the ionized gas of SgrA West, an
HII region with a characteristic “mini-spiral” shape of thermal
radio emission. With an angular extent of ∼ 1′, SgrA West is
2the innermost and ionized part of the “Circumnuclear Disk”, a
structure of molecular gas extending from 1.7 pc up to about
7 pc from the GC and rotating around it (Marshall, Lasenby
& Harris 1995).
Proceeding outward, we find the 2′ − 3′ shell of SgrA East
(Eckers et al. 1983), which is characterized by a non–thermal
radio emission with spectral index α = −0.64. It is cen-
tered about 50′′ offset of SgrA* and is probably located be-
hind SgrA West (Davies et al 1976, Pedlar et al. 1989). Its
synchrotron radio emission and its shell morphology were ex-
plained in terms of a supernova remnant. Mezger et al. (1989)
discovered a dust ring compressed by the SgrA East shell, pos-
sibly indicating that this shell originated from an extremely en-
ergetic explosion (4×1052 ergs), maybe associated with SgrA*,
occurring inside a dense molecular environment (104 cm−3).
Other alternative explanations are the simultaneous explo-
sion of about 40 supernovae, or a single SN explosion inside
a medium with a much lower density. In this case the dust
shell could be due to the stellar wind from the normal super-
nova progenitor (Mezger et al. 1989). Another possibility is the
tidal disruption of a star by the central supermassive black hole
(Khokhlov & Melia 1996).
A triangular shaped non–thermal halo (∼20 pc in diame-
ter) surrounds in projection the SgrA East shell (Yusef-Zadeh
& Morris 1987), but it is probably not physically related with
it (see Pedlar et al. 1989 for a detailed discussion). Its ori-
gin is unknown. It could be centered at the SgrA* position
and related with the high energy activity at the GC (Yusef-
Zadeh et al. 1997, Melia et al. 1998). The total energy in rel-
ativistic particles estimated from radio observations is about
5×1050 ergs s−1. This value, together with its non–thermal ra-
dio spectrum and its size, suggest the possibility that it is an
evolved supernova remnant (Pedlar et al. 1989).
3. Observations and Data Analysis
Our results were obtained with the Medium Energy Concen-
trator Spectrometer (MECS, Boella et al. 1997) that provides
images in the ∼ 1.3–10 keV energy range over a nearly circular
field of view with ∼ 28′ radius. The MECS has a good angu-
lar resolution (50% power radius of ∼ 75′′ at 6 keV, on-axis)
and a moderate energy resolution (FWHM ∼8.5
√
6/EkeV%).
In order to exploit the best spatial and spectral resolution of
the detector, and to avoid the artifacts due to the absorbing
strongbacks of the MECS entrance window, we only considered
the inner region of the field of view (radius ∼ 8′).
For the spectral analysis we have used the MECS effective
area values appropriate for extended sources. These were prop-
erly derived by convolving a flat surface brightness distribution
with the energy and position dependent vignetting and Point
Spread Function (PSF).
All the spectra have been corrected for the the instrumental
background by subtracting a spectrum obtained from MECS
observations of the dark Earth. This procedure does not ac-
count for the subtraction of the cosmic X–ray background
(CXB). Indeed, the subtraction of the MECS standard back-
ground obtained from high galactic latitude pointings would
overestimate the CXB contribution, which is highly absorbed
in the GC region. The CXB contribution has been included as a
known additive component in the spectral fits with an absorb-
ing column density of 8×1022 cm−2 and spectral parameters
fixed at the values determined with the MECS (photon index =
1.44, F(1 keV)=12.9 phot cm−2 s−1 sr−1 keV−1; S. Molendi,
private communication).
4. X–rays from the Sgr A Complex
The location of SgrA* was imaged on August 24-26, 1997 for
a net exposure time of 99.5 ks. In order to study the surface
brightness and temperature profile of the diffuse emission, we
extracted the MECS counts from four annular regions with dif-
ferent inner and outer radii (0′−2′,2′−4′,4′−6′,6′−8′) centered
on SgrA*. All these spectra contain several emission lines, with
the K-lines from iron (E∼ 6.7 keV) and sulfur (E∼ 2.4 keV)
particularly bright. We fitted them with a single temperature
plasma model (MEKAL in XSPEC v.10.00), deriving the sur-
face brigthness and temperature profiles shown in Fig.2. A ra-
dial spectral variation is evident: while the ∼ 7 − 8 keV tem-
perature in the three external regions is almost constant, the
emission from the inner 2′ is significantly softer. This is prob-
ably due to the presence, in addition to the diffuse emission,
of further contributions from the bright point sources present
near the GC (Maeda et al. 1996, Predehl & Tru¨mper 1994,
Sidoli et al. 1999b).
Fig. 2. Surface brightness and temperature in concentric regions
around the GC.
The fit with a single temperature thermal model does not
account for all the emission lines at low energies (in particular
the intense emission from sulfur at E∼2.4 keV), nor for an ex-
cess around 6.4 keV, due to the presence of emission of fluores-
cent origin. A gaussian line added at 6.4 keV accounts for these
residuals. While this line is present in all the spectra extracted
from 2′ to 8′, it seems to be absent within 2′ (EW≤12eV).
This is consistent with the 6.4 keV map produced with ASCA
(Maeda & Koyama 1996) where a strong peak is visible in the
region of the Radio Arc, NE to the GC. Indeed the EW of this
line increases towards the outer regions (EW2′−4′ = 80 − 100
eV,EW4′−6′ = 120 − 130 eV, EW6′−8′ = 140 − 150 eV). The
MECS spectra extracted from two semi–annular regions at NE
and SW of the GC, confirm this interpretation: the EWs of the
6.4 keV line are ∼ 100 ± 30 eV (NE sector; errors are at 90%
confidence level) and ∼ 40± 20 eV (SW sector).
Since the temperature profile does not show evidence of
strong spectral variations in the region from 2′ to 8′, we anal-
3ysed the overall spectrum by extracting all the counts from
this larger circular corona. We started by fitting a thermal
bremsstrahlung plus three gaussian lines at ∼1.8, 2.4 and 6.7
keV (Si, S and Fe respectively). Their estimated equivalent
widths are about 120, 190 and 1000 eV. The best fit value for
the bremsstrahlung temperature is ∼13 keV. This tempera-
ture is too high to be consistent with the presence of the low
energy emission lines (Kaneda et al. 1997, Fig. 2b). A possi-
ble explanation is a multi-temperature plasma. Thus we fit-
ted the spectrum with two thermal emission plasma models
(two “MEKAL” in XSPEC). Our best fit parameters (χ2=1.29,
368 d.o.f) are NH=7.93
+0.09
−0.36 × 10
22 cm−2, T1 = 0.57
+0.02
−0.05 keV
and T2 = 8.69
+0.26
−0.41 keV. A gaussian added at 6.4 keV gives
an EW∼120 eV. The total unabsorbed flux (2–10 keV) is
1.71+0.05−0.08 × 10
−10 ergs cm−2 s−1, about one third of which is
contributed by the soft component.
To study the spatial distribution of the diffuse emission,
we extracted images in different energy bands (Fig.3). The im-
ages corresponding to the 2–5 keV and 7–10 keV ranges show
significantly different distributions of the diffuse emission.
Both the soft and hard emissions are peaked at the GC
position, but they have different spatial extents. In particular,
the softer emission has a nearly triangular shape, with a rather
sharp decrease in the south-western side, which is absent in the
hard X–ray map. To study the spatial distribution of the iron
line we have also extracted an image in the 5.5-7.5 keV band
and subtracted from this map the continuum emission inter-
polated from the contiguous energies. The resulting iron line
image shows a spatial distribution elongated along the galactic
plane, very similar to that of the hard X–ray map.
5. Discussion
Our observation of the SgrA complex confirms the presence
of a hot plasma with multiple temperatures and/or in non-
equilibrium ionization, as already found with the ASCA in-
struments (Koyama et al. 1996). The increase in the 6.4 keV
line equivalent width that we find in the North-East sector, is
in agreement with the more detailed maps of this line obtained
with ASCA that show a correlation with the molecular clouds.
The limited spectral resolution of the MECS, compared with
that of the ASCA solid state detectors, does not allow to study
in more detail the energy profile and spatial distribution of the
individual lines. On the other hand, the regular point spread
function provided by the BeppoSAX mirrors has allowed us to
produce unbiased maps in wide energy bands that demonstrate
a clear difference in the spatial distribution of the softer and
harder X–ray emission. Since also our spectral data could be
well described by the sum of two thermal models with kT∼0.6
and 8 keV, it is tempting to give an interpretation in terms
of two plasma components at different temperatures and with
different spatial distributions (although in reality the situation
is certainly much more complex, with, e.g., a distribution of
temperatures). In this interpretation, it is remarkable that the
lower temperature plasma is well correlated with the SgrA East
triangular radio halo (Fig.4).
The presence of unresolved point sources could affect the
apparent distribution of the diffuse emission. We note how-
ever that previous observations, e.g. with Einstein and ROSAT
(Watson et al. 1981, Predehl & Tru¨mper 1994) do not show
the presence of strong sources distributed in such a way to re-
produce the triangular shape visible in our low energy map.
In particular, the straight contours of the soft emission cor-
responding to the SW side of the triangular radio halo seem
hardly explainable by a distribution of sources. Although we
cannot exclude that the apparent shape of the softer X–rays is
due to an absorption effect, we favour the interpretation of the
lower temperature plasma as a component physically related
to the halo of SgrA East. In the following we will adopt this
working hypothesis and assume a distance of 8.5 kpc.
We derive for the soft component an emission measure
EM=(1.2±0.4) × 1014 cm−5, which assuming emission from
a spherical region with radius 10 pc and an electron filling fac-
tor f , corresponds to ne ∼ (3 ×f
−1/2) cm−3 and to a total
mass Mg ∼ 250 M⊙f
1/2.
The average thermal pressure in the SgrA East halo,
P ∼ 3 × 10−9 ergs cm−3, is consistent with the pressure
PSedov = 0.106×(ESN/R
3) ergs cm−3 derived for a SNR in
a Sedov phase, where ESN is the explosion energy of the
SNR and R is the shell radius in cm. Indeed, if we assume
ESN = 10
51 ergs s−1 and R=10 pc, we find PSedov ∼ 4 ×
10−9 ergs cm−3.
The X–ray luminosity (2–10 keV) of the soft component is
∼ 4.5×1035 ergs s−1. If we assume that this thermal emission is
mostly produced by the SgrA East halo, its X–ray luminosity,
pressure, density, temperature of the emitting gas (0.6 keV)
and size (∼20 pc), match well with a supernova remnant origin
in which thermal line emission is produced when the expanding
supernova ejecta heats the ISM to X–ray temperatures.
Another test of the SNR hypothesis can be done by com-
paring the X–ray and radio surface brightnesses: indeed a
strong correlation ΣR ∝ Σ
0.69±0.08
X between the radio ΣR
(at 1 GHz) and the X–ray surface brightness ΣX (0.15–
4.5 keV) was found by Berkhuijsen (1986). From the ra-
dio spectrum reported by Pedlar et al. (1989) we derived
ΣR ∼ 5 × 10
−19 W m−2 Hz−1 sr−1. The ΣX measured from
our X–ray data and converted to the 0.15–4.5 energy band
is ΣX ∼ 10
34 ergs s−1 pc−2. These values fall well inside the
region defined by other typical SNRs.
In conclusion, all the physical quantities derived from the
analysis of the MECS are consistent with a SNR origin for the
SgrA East halo.
Fig. 4. Contour levels of the 2–5 keV emission overlayed on the 90
cm radio contours (dashed line, adapted from Anantharamaiah et
al. 1991).
4Fig. 3. 2–5 keV (left) and 5–10 keV (right) emission from the SgrA Complex. Both images have been smoothed with a gaussian with
FWHM=1 arcmin. The strong source in the NE corner is 1E1743.1–2843 (Cremonesi et al. 1999). The low surface brightness in correspon-
dence of the circle is an instrumental effect due to the absorption in the detector window support structure.
6. Conclusions
The analysis of the diffuse emission from the GC region reveals
the presence of at least two distinct components : a soft one
(Tmekal ∼0.6 keV), spatially correlated with the SgrA East
radio halo and a hard component (Tmekal ∼8–9 keV). While
the hard component is elongated along the Galactic Plane and
does not spatially correlate with physical structures observed
at other wavelengths, the spatial distribution of the soft com-
ponent is remarkably well correlated with the triangular radio
halo of SgrA East. The parameters derived for the softer com-
ponent match extremely well with the idea that this thermal
X–ray emission is due to a SNR origin for the SgrA East halo.
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